Acute viral gastroenteritis is an intestinal infection that can be caused by several different viruses. Here we describe the evaluation and verification of Seeplex Diarrhea-V ACE (Seeplex DV), a novel commercial multiplex reverse transcription-PCR (RT-PCR) assay that detects 5 diarrheal pathogens, including adenovirus, rotavirus, norovirus genogroup I (GI) and GII, and astrovirus. We describe a retrospective study of 200 clinical specimens of which 177 were stool specimens previously tested for the presence of gastrointestinal viruses by electron microscopy (EM) and/or real-time RT-PCR (rRT-PCR). The remaining 23 specimens comprised other human pathogens of viral or bacterial origin. Discordant norovirus GI and GII results were resolved using a commercial kit; discordant adenovirus and rotavirus results were resolved using a home brew multiplex rRT-PCR assay. Diagnostic sensitivities and specificities were calculated before and after discordant analysis. After discordant analysis, estimated diagnostic sensitivities were 100% for adenovirus, rotavirus, and norovirus GI and 97% for norovirus GII. Diagnostic specificities after discordant analysis were 100% for adenovirus, rotavirus, and norovirus GI and 99.4% for norovirus GII. The 95% limits of detection were 31, 10, 2, and 1 genome equivalent per reaction for adenovirus, rotavirus, and norovirus GI and GII, respectively. The results demonstrate that the Seeplex DV assay is sensitive, specific, convenient, and reliable for the simultaneous detection of several viral pathogens directly in specimens from patients with gastroenteritis. Importantly, this novel multiplex PCR assay enabled the identification of viral coinfections in 12 (6.8%) stool specimens.
Acute viral gastroenteritis is the second most common infectious disease worldwide (20, 5) , affecting humans of all age groups (23, 17) but mostly the young, the elderly, and people in enclosed communities, such as hospitals, nursing homes, military bases, and cruise ships. Known enteric viral pathogens include adenovirus group F serotypes 40 and 41, rotavirus, norovirus, and astrovirus, with rotavirus and norovirus being the predominant causative agents of gastroenteritis (3, 7, 30) . In recent years the number of reported gastroenteritis outbreaks of suspected viral etiology has increased, hence the need for fast, sensitive, and reliable diagnostic assays.
The established method for detection of enteric viruses at the Ontario Agency for Health Protection and Promotion (OAHPP) Public Health Laboratories (PHL) relies on the conventional and labor-intensive electron microscopy (EM). In recent years, home brew real-time reverse transcription-PCR (rRT-PCR) assays were implemented for the detection of norovirus GI and GII (11) . Similar home brew rRT-PCR assays for the detection of adenovirus (6) and rotavirus (35) have been described. These rRT-PCR assays enable the detection of a specific virus by the amplification of a unique genomic sequence within its RNA or DNA. However, the simultaneous detection of several viruses can be accelerated and simplified by the use of a multiplex RT-PCR assay. Multiplex PCR encompasses multiple primer pairs in a single tube, making it possible to amplify multiple target sequences.
Here we describe the verification and evaluation of the Seeplex DV assay (Seegene, South Korea), a newly developed commercial multiplex RT-PCR assay for the simultaneous detection of adenovirus, rotavirus, norovirus GI and GII, and astrovirus. The use of this novel multiplex RT-PCR assay offers the advantage of reduced reagents and labor cost, as well as a faster turnaround time. The Seeplex DV assay integrates an internal control, which facilitates the detection of PCR inhibitors and reduces false-negative results. Importantly, a unique advantage of a multiplex assay is the detection and identification of coinfecting pathogens within the same patient specimen.
(Part of this work was presented at the 26th annual Clinical Microbiology Symposium, Daytona Beach, FL, April 2010.)
MATERIALS AND METHODS
Definitions. The following definitions were used for analysis: PHL tests, previous tests done at OAHPP, namely, EM (for adenovirus and rotavirus) and/or rRT-PCR (for norovirus GI and GII); concordant specimen, agreement between PHL test result and Seeplex DV assay result; discordant specimen, disagreement between PHL test result and Seeplex DV assay result; resolved specimen, agreement in result between any two of the three assays (PHL test, Seeplex DV assay, and reference assay [RealStar for norovirus GI and GII and home brew multiplex rRT-PCR for adenovirus and norovirus]).
Clinical specimens. Samples included in the study were from patients ages 2 months to 96 years old, of which 54% were 5 years old or younger and 43% were female. Seventy-four (42%) of the clinical specimens were from 47 local outbreaks (as defined by the Ontario Ministry of Health) (25) , while the remaining 103 (58%) specimens were from sporadic cases of gastroenteritis (Table 1) . Table 2 shows the distribution of specimens used in this study. A total of 200 clinical specimens and bacterial cultures, including 177 randomly selected stool specimens submitted for testing from February 2009 until May 2010 for adenovirus, rotavirus, norovirus GI, norovirus GII, astrovirus, and enteric bacteria, were used. Also, a specificity panel consisting of 10 nasopharyngeal (NP) swabs containing respiratory viruses, 14 enteric stool/bacterial cultures, and 7 nonenteric bacterial cultures was included to measure specificities and cross-reactivities of primer sets. The 3 astrovirus-positive samples were not included in the study analysis due to the lack of sufficient samples containing this target.
Laboratory test methods. Routine testing of suspected adenovirus, rotavirus, and norovirus infections at OAHPP relies on the use of EM (Philips CM10 or FEI Morgagni 268). Outbreak specimens (as defined by the Ontario Ministry of Health) (25) are initially tested for norovirus by a home brew rRT-PCR assay, and if negative for norovirus, the specimens are then tested by EM (11) . In this study, we evaluated the Seeplex DV assay, a commercial multiplex viral diarrhea assay (Seegene, South Korea). This assay consists of reverse transcription and PCR, followed by resolution and detection of amplified DNA products by agarose gel (1.5%) or capillary electrophoresis using equipment such as the MCE-202 MultiNA microchip electrophoresis system (Schimadzu BioTech, Japan). Samples with discordant norovirus results were also tested with the RealStar 2.0 norovirus kit (Astra Diagnostics, Hamburg, Germany), which detects and differentiate norovirus GI and GII. To resolve discrepant adenovirus and rotavirus results, we developed a home brew multiplex rRT-PCR assay for these viruses and all specimens were retested in this rRT-PCR assay (R. R. Higgins, presented at the 2011 Clinical Virology Symposium; unpublished data). We did not evaluate the Seeplex DV assay for the detection of astrovirus due to the lack of sufficient astrovirus-positive specimens.
RNA and DNA extraction. Total nucleic acid was extracted from all specimens using an automated NucliSens easyMAG system (Biomeriuex, France). Stool specimens were homogenized (20% [wt/vol]) in sterile water and centrifuged for 20 min at 3,000 rpm, and 250 l of the clarified supernatants were subjected to automated nucleic acid extraction. Total nucleic acid was eluted in a final volume of 60 l, of which 5 l was used for PCR amplification. Nucleic acid was extracted directly from respiratory specimens collected with nasopharyngeal swabs in universal transport medium (Copan Diagnostics Inc.). Bacterial cultures grown in suggested culture medium (Table 2 ) (14) were diluted to 0.5 McFarland standard (10) in phosphate buffered saline prior to automated extraction on the easyMAG system. The efficiency of nucleic acid extraction was measured by real-time PCR amplification of Bacteroides fragilis DNA (19) and/or the human glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene (1) .
PCR amplification. Details of primers and probes used are shown in Table 3 . Amplification of nucleic acid using the Seeplex DV assay was performed with the Icycler system (Bio-Rad Laboratories Inc.) according to the manufacturer's insert. PCR-inhibitory effects were assessed by coamplification of an internal control included in the Seeplex primer mix. PCR products were resolved by capillary electrophoresis on the MultiNA. Amplification of norovirus GI and GII targets was performed on the ABI7900HT Fast real-time PCR system (Applied Biosystems, California) using home brew rRT-PCR assays (11) . Norovirus specimens, including discordant ones, were retested on the RealStar 2.0 kit from Astra Diagnostics (Hamburg, Germany) with amplification on the ABI7500 HT Fast real-time PCR instrument according to the manufacturer's insert. Adenovirus and rotavirus specimens, including discordant ones, were retested on the ABI7500 HT Fast real-time PCR instrument using internally controlled triplex home brew rRT-PCR assays developed for this study (Higgins, 2011 Clin. Virol.
Symp.).
Analytical sensitivity, specificity, and limit of detection. The sensitivity of the Seeplex DV assay was determined in comparison to the PHL test (see definitions VOL. 49, 2011 MULTIPLEX MOLECULAR GASTROINTESTINAL VIRUS ASSAY 3155 above). To determine the sensitivity of the Seeplex DV assay, results were scored against the PHL test method (EM for adenovirus and rotavirus and/or rRT-PCR for norovirus GI and GII). To resolve discordant results, these specimens were retested using an rRT-PCR assay. For norovirus GI and GII, we employed the RealStar 2.0 rRT-PCR assay from Astra Diagnostics (Hamburg, Germany), and for adenovirus and rotavirus, we used home brew rRT-PCR assays (Higgins, 2011 Clin. Virol. Symp.) ( Table 4) . P values after discordant analysis were determined by chi-square analysis using the software program Stata 11 (StataCorp LP, Texas). Analytical specificity of the Seeplex DV assay was determined by testing a set of commonly encountered viral and bacterial pathogens (Tables 1 and 2 ). Viral and bacterial samples were initially characterized by culture, electron microscopy, or home brew norovirus rRT-PCR during routine clinical testing. To confirm PHL culture results for enteric bacteria, these specimens were also tested for enteric bacteria in the Seeplex Diarrhea ACE test kit. The limit of detection (LOD) for each virus in the Seeplex DV assay was determined using tissue culture fluid (TCF) for all viral targets except norovirus GI and plasmid DNA for all targets. Quantified plasmid DNA (Seegene, South Korea) and/or TCF (Zeptometrix Corporation) for each virus was serially diluted 10-fold to 10 Ϫ12 of the starting material in PCR-grade water and tested in the Seeplex DV assay. The respective LODs were assessed by testing a minimum of 4 replicates of each of the 12 dilution steps. The 95% limit of detection (and 95% confidence interval) for each target was determined using probit regression (SPSS software regression package, version 18.0; SPSS, Chicago, IL).
Assay reproducibility and TAT. Inter-and intra-assay reproducibilities were assessed using data generated from the LOD calculation and from testing 110 samples on 3 different days. Concordance for inter-and intra-assay reproducibility was calculated. Turnaround time (TAT) was calculated for the Seeplex DV assay and home brew rRT-PCR based on 5 runs, each of 96 samples, completed by one laboratory staff member. For EM, TAT was extrapolated from timing 3 days' work. The final TAT reflected the average time to process 96 samples, including reception, hands-on, assay, and resulting/reporting times. To directly compare assays, TAT for each assay was divided by the number of targets tested to give a TAT per target for 96 samples. targets evaluated, before and after analyses with the Seegene viewer is depicted in Fig. 1A and B.
RESULTS
As shown in Table 4 , when comparing PHL to Seeplex DV results, there is one discordant result for each of the 4 viral pathogens tested and two discordant results in the negative enteric pool. This indicates that the performances of all three test methods are comparable. The Seeplex DV assay detected coinfecting pathogens in 12 specimens of 177 primary stool specimens tested (Table 4) . Coinfections with norovirus GI were not detected in this study, likely due to the small sample Results with dual infections are shown in lanes 1 (adenovirus and norovirus GII), 2 (rotavirus and norovirus GII), and 3 (rotavirus and adenovirus). The identity of the pathogen is shown at the top. AD, adenovirus; RV, rotavirus; NVI, norovirus GI; NVII, norovirus GII; NPC and PPC refer to negative and positive PCR controls, respectively. Note that the Seeplex DV assay also amplifies an internal control for a total of 6. Numbers in the table reflect band intensities.
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size of norovirus GI-positive specimens tested and the low prevalence of norovirus GI infection (12, 18, 21) . Among the coinfecting pathogens detected, there were 4 cases of adenovirus/norovirus GII, 7 cases of rotavirus/norovirus GII, and 1 case of rotavirus/adenovirus mixed infections ( Table 4) . Examples of mixed infections are depicted in Fig.  1A and B, showing adenovirus/norovirus GII, rotavirus/adenovirus, and rotavirus/adenovirus in lanes 1 to 3, respectively.
Diagnostic sensitivity and specificity of the Seeplex DV assay. To determine the diagnostic sensitivity and specificity of the Seeplex DV assay, results were scored against the PHL test method (EM for adenovirus and rotavirus and home brew rRT-PCR for norovirus GI and GII (see Tables 1, 2 , and 4). To resolve discordant results, all specimens were retested using rRT-PCR assays: home brew multiplex for adenovirus and rotavirus and RealStar 2.0 for norovirus GI and GII.
Diagnostic specificity was determined by testing a set of precharacterized viruses and bacterial specimens or cultures (Tables 1 and 2) . No cross-reaction was observed in the specificity panel including other viruses and bacteria (Tables 4, 5 , and 6). In particular, no cross-reaction was observed with enteric bacterial pathogens. PHL culture results for enteric bacteria were concordant with those of the Seeplex Bacterial Diarrhea (B1and B2) ACE multiplex assay (data not shown).
Overall there were 5 discordant results between the Seeplex DV and PHL tests (Table 7) ; 4 were resolved in favor of the Seeplex DV assay and 1 in favor of the PHL test. One norovirus GII specimen tested negative in the Seeplex DV assay but positive in both the PHL and RealStar assays. One adenovirus specimen tested positive by EM but negative by both the Seeplex DV assay and home brew adenovirus-rotavirus rRT-PCR. Two specimens, norovirus GI and rotavirus, tested positive in the PHL test but negative in the Seeplex DV assay, possibly due to repeated freeze-thaw cycles and/or a long storage period at Ϫ80°C. One norovirus GII specimen tested negative in the PHL test but positive in both the Seeplex DV and RealStar assays. In total, the Seeplex DV assay detected 135 positive specimens, compared to 137 for the PHL tests. Prior to discordant analysis, the sensitivity and specificity of the Seeplex DV multiplex assay for each target were as follows: 97% and 99.4% for adenovirus, 98% and 99.3% for rotavirus, 95% and 99.4% for norovirus GI, and 97% and 99.4% for norovirus GII, respectively (Table 5) . Following discordant analysis and using classification of specimens as per definitions described above, the sensitivity and specificity of the Seeplex DV multiplex assay are 100% and 100%, respectively, for adenovirus, rotavirus, and norovirus GI. The sensitivity and specificity for norovirus GII however, remained at 97% and 99.4%, respectively (Table  6) . P values were not calculated for rotavirus, norovirus GI, and norovirus GII where there was exact agreement between the Seeplex DV and PHL tests. P values for both adenovirus sensitivity and specificity following discordant analysis were 0.31, indicating no significant difference between the two tests. Consistent with its multiplex format, the Seeplex DV assay detected 12 additional positive coinfecting pathogens, including 6 of norovirus GII, 4 adenoviruses, and 2 rotaviruses (Table 4) . Ninety-five percent LOD. Ninety-five percent limit of detection (LOD) indicates the lowest concentration of genome target at which a pathogen will be detected with a probability of 95%. Ninety-five percent LODs for each of the 4 targets were derived by testing a minimum of 4 replicates of each of the 12 dilution steps. Figure 2 depicts partial results (replicates not shown) of a typical LOD experiment using 10-fold serial dilutions of quantified plasmid DNA. As seen in Fig. 2 , adenovirus and norovirus GI and GII are detected at 0.45 copies per reaction, and rotavirus is detected at 4.5 copies per reaction. Similarly, Fig. 3 depicts partial results of a typical LOD experiment using a 10-fold serial dilution of tissue culture fluid. As seen in Fig. 3 , detection varies among the 3 targets tested, most likely due to variability in the titer of virus present in the different culture fluids. Using tissue culture fluid, norovirus was detected at 10 Ϫ4.2 , rotavirus at 10 Ϫ5.6 and adenovirus at 10 Ϫ6.5 50% tissue culture infectious doses (TCID 50 )/ml. Using plasmid DNAs, the estimated 95% LODs are as follows: 30.8 genome equivalents (GEq)/reaction for adenovirus, 10.2 GEq/ reaction for rotavirus, 1.7 GEq/reaction for norovirus GII, and 2.2 GEq/reaction for norovirus GI (Fig. 2 and 3) .
Assay reproducibility and TAT. Inter-and intra-assay reproducibilities were both 100%. Average TATs for processing 96 samples in one run were as follows: 9 to 10 h for the Seeplex DV assay, 6 h for rRT-PCR, and 3 days for electron microscopy. TATs per target for 96 samples were 1.8 h for the Seeplex DV assay, 3 h for rRT-PCR, and 9 h for EM.
DISCUSSION
We describe the evaluation of the Seeplex DV assay (Seegene, South Korea), a commercial kit for the detection of pathogens associated with viral gastroenteritis in clinical stool specimens, which is approved by CE and Health Canada but not the FDA. The Seeplex DV assay is the only commercial multiplex RT-PCR product currently available for the simul- taneous detection of up to 5 viral targets, including adenovirus (group F serotypes 40 and 41), rotavirus, norovirus GI, norovirus GII, and astrovirus. We show that the Seeplex DV assay has sensitivity equivalent to those of other methods currently in use at PHL and reduces the TAT, especially when high volumes of samples are being tested. Viral gastroenteritis outbreaks occur frequently in nursing homes, health care institutions, and cruise ships, where they cause considerable morbidity and mortality; they have also been reported in schools and prisons (9, 33, 34) . Although norovirus is recognized as a common cause of gastroenteritis, other enteric viruses also contribute to the syndrome. Hence, there may be a role for multiplex assay formats that will detect norovirus and in the same assay also test for other viral pathogens. Here we reconfirmed that norovirus GII causes the majority of enteric outbreaks in Ontario (11), and we have verified this assay only for outbreaks caused by norovirus GI or GII (Table 1) . Future prospective studies will allow further characterization of the assay and verification for outbreaks caused by adenovirus and rotavirus.
Current molecular diagnostic technologies rely on home brew tests. These tests are considerably advanced and require additional funds and staff for up-front research and development, quality assurance, and laboratory accreditation (8, 13, 15, 28) . In recent years, commercial products such as those identified in this communication have allowed for the implementation of molecular testing without the added costs of research and development and additional quality assurance costs.
The Seeplex DV assay demonstrates several strengths as a commercial assay for use in a wider range of clinical laboratory settings outside a highly resourced center. First, this assay FIG. 3. Determination of the limit of detection for the Seeplex DV assay using quantified tissue culture fluid. Raw (A) or analyzed (B) data for serial 10-fold dilutions of tissue culture fluid for adenovirus, rotavirus, and norovirus GII are depicted. Detection of adenovirus amplicons is evident at a 10 Ϫ6 dilution of the original concentration, whereas amplicons corresponding to rotavirus are detected at a 10 Ϫ5 dilution and norovirus GII at a 10 Ϫ4 dilution. Note that only a subset of the experiment representing each target is shown. In this experiment, triplicates of each dilution were tested in the same run. Note also that dilutions were retested on different days. Numbers in the table reflect band intensities. offers a rapid, sensitive, and specific method for the diagnosis of adenovirus, rotavirus, norovirus GI, norovirus GII, and astrovirus. Second, being a commercial product, the Seeplex DV assay can be readily implemented in the clinical diagnostic laboratory (if approved by local licensing authorities). It also offers established quality controls and more-streamlined ongoing validation compared to a home brew PCR assay. Third, the Seeplex DV assay is a multiplex test, which allows the detection of multiple viral targets in one reaction, instead of multiple reactions as when using monoplex assays. This makes the assay easier to perform and utilizes less patient specimen. Fourth, compared to existing testing methodologies (rRT-PCR and EM), the reagent cost per target of the Seeplex DV multiplex assay is cheaper and the assay less laborious. The reagent cost is approximately $25.00 CAD per test or $5.00 CAD per virus target.
There are several limitations to this study, including its retrospective nature. We expected to detect more positive specimens with the Seeplex DV assay than with EM. Hence, the sensitivity of the Seeplex DV assay was not higher than that of EM for detection of rotavirus and adenovirus. Nevertheless, the results of the Seeplex DV assay were confirmed with newly developed home brew adenovirus/rotavirus rRT-PCR with no increase in positivity. Another limitation of the Seeplex DV is the TAT, which requires 9 to 10 h and is longer than that of rRT-PCR (6 h). Yet the Seeplex DV assay offers detection of 5 viral targets plus an internal control for each patient.
In the past 5 years, several rRT-PCR assays were developed for the detection of enteric viruses. These assays were demonstrated to have better sensitivities and specificities than electron microscopy or antigen-detection assays (4, 21, 22, 26, 27, 29) . Of these studies, two have described the use of multiplex assays for the detection of viral gastroenteritis (2, 31) . However, both assays lack internal controls in the PCR and therefore are of limited use in a clinical routine diagnostic setting. The limit of detection reported (21, 22, 26, 27) varied between 1 and 100 copies per reaction and is similar to the results shown in this study. A recent study described the application of two internally controlled multiplex real-time PCR assays for the simultaneous detection of adenovirus, rotavirus, norovirus GI and GII, astrovirus, and sapovirus (32) . In that study, the sensitivity and specificity of the assay were clinically compared to those of the Vikia rotavirus/adenovirus chromatographic immunoassay, with a significant increase in pathogen detection from 14% to 45%. This multiplex PCR assay consists of two separate reactions; one targets astrovirus, rotavirus, and norovirus GI, and the other targets adenovirus and norovirus GII.
While the manuscript was being reviewed, two studies appeared which describe home brew multiplex assays for the detection of viral gastroenteritis (16, 24) . The study by Liu et al. (24) combined a one-step rRT-PCR with microspherebased fluorescence technology to detect 6 viral targets, including adenovirus, rotavirus, norovirus GI and GII, astrovirus, and sapovirus. The study by Khamrin et al. (16) combines two-step rRT-PCR and agarose gel electrophoresis to detect 10 virus targets, including adenovirus, rotavirus, norovirus GI, norovirus GII, astrovirus, sapovirus, enterovirus, parechovirus, and aichi virus.
In conclusion, the Seeplex DV assay is sensitive, specific, convenient, and a reliable tool for the direct detection of enteric viruses in stool specimens from patients with gastroenteritis. This assay can be effectively implemented in a clinical microbiology setting within and outside reference laboratories and has the attractive feature of improving testing methods while also being more economical than previously used methods, in particular those using EM and home brew rRT-PCRs.
